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"ote orte results of tne column phase of 
ntal investigation of short time creep propere 
light metal alloys under conditions of high loadings and ele- 
| temperatures. The other parts of the investigation were 
d with creep properties of these alloys in tension and in 
ression. The forıner is described by R. J. fauffmiaa; the 
r by R. Thatcher (Refs. li and 12), 
Creep characteristics of 755- T6 aluminum allov columns hav- 
various effective sienderness ratios were investigated at 450 € 
5 م55‎ Of primary interest was the region of applied stresses 
near the maximum stresses which these columns would sustain. 
Lateral cre-p defiection of the column midpoint was measured, 
Coincident with this measurement, time to failure of the column was 
also measured. Columns tested at 550 F had rectangular cross sec- 
tions und nad effective slenderness ratios of 25.5, 39.9, 48.6 6 
57.2. Tolumns tested at 450°. had rectangular cross sss and 
haa effective slenderness ratios of 25.5, 48.6 and 57.2. 
vesting equipment was designed and constructed for the inves- 
۱ tigation. = constant load was applied to the specimen by Means Gf 2 
levar arm having a ten to one mechanical advantage. ? Бе specimen 
was heated іп an electric oven. fhe oven was rraintained at tempera. 
ture ty automatic electrical control. 
it was found that 75-- "6 aluminum alloy columns having effec- 
tive slendernes3 ratios of 25.5 to 57.2 erc suitskle for short iic 


(; - И жа.) Чае а 45072 and 550°R, 















under stress *bhign temperatures is of 
se of aircraft toward high speeds of 
introduced the probler: of aerodymemic heating, for 
e, a temperature rise of 27^? F due to compressibility is 
in reference i. Tet propulsion has also created the need 
ore effective 81: for high temperature service, 


f uite often it is possible t5 avoic the problem of structural 


the structure, This is the inefficient solution to the problem, how- 
ever, since the result is increased weight. Aeronautical спяшеог- 
img is »articuiarly concerned with the problem of creen because a 
weight penalty cannot be accepted in many applications. 
Tho literature on the subject of creep is varied. <undamental 
stucies relating to the origin and nature of creep have been conducted 
а 


at the University of California and are reported in references 2 aud 3. 
y p 


The National Advisory Committee for Aeronautics has summarized, 


pas 


n reference 4, numcrous theories reiating to creen phenomena cad 
the extent of current knowledge on the subject. This rebort gives a 
list of 199 references as a bibliography of many of the published 
works in the field of creep. Marin, in reference 5, gives a survey of 
research in creep which includes a bibliography of 48 references. 

in general, the application of creep knowledge to date has been 
concerned with tho effect of creep at the end of u long tie service 
period. The advent of high speed expendable missiles maxes know- 
leaga of short time, high stress creep characteristics of metals 


lesirable. Short time here is defined in terıns of minutes or seconds 
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sl the short time creer 

ж 
from which 2 unit is to be construct= 


ign where She service life of the unit 


ed this phase of the subject of creep, 

Interest in the short time high stress creep characteristics 
metals such as aluminum and magnesium served as the 
ivating factor for starting an investigation of these creep charzc- 
tics. Th: investigation was divided into three parts; one dealing 
n tension; a second dealing with compression; and a third with 


mns in the intermediate slenderness ratio regime. ¿he object 


this paper is to report the results of the column phase of the 


o 


- * 


investigation, 

Column deflections and buckling loads for materials whick do 
not creep have been considered and discussed for many years. uler, 
(Arf. 6), obtained the theoretical critical load for ideal pin ended 
columns loaded below the proportional limit. There have heen at 
least three major theories explaining the action of ideal columns 
loaded above the proportional lirit. The first of these was proposed 
by Sngesser over fifty years ago. The second theory is the reaucel 1 ode 
ulus theory oí Considere, Enfesser and von “arman. The third 
theory is that proposed by chanley in reference 7 and acuitionally dis- 
chased by him in reference 8, 

These theories are concerned with ideal colus ns, i.e. columns 
which are pin ended, which have no crookedness, which bave how o- 
geneity of material, and which have zero eccentricity of applieá losc- 


ing. “he analysis given by these ideal theories must be extenced to 





consiaef practical columns. 

T hen a material creens, the theories of column action mem“ 
tiowed above must be further modified to consider the reduction of 
the critical load which is caused bv lateral creep deflections of the 
columno | 

same theoretical work has been cone in regard to column crevg 
deflection. Warin, in reference 5$, proposed a theory far creep de- 
flection in bending in the fora. of a differential equation. trial anu 
error procedure or numerical integration must be used to solve 
the ecuation. Ness, in reference i), expressed the creep defleciion 
of the column in terms of a definite time integral containing Young's 
modulus and the viscosity co-fficient. 

Little experimental work has been done in column creep deflec. 
tion, sarticularly at high temperature and nign stress for a materiai., 
This investigation is intended to provide at least some experimental 
data of this type. It is not proposed to go into a discussion of the 


$ 


theoretical aspects of the problein of column creep but rather to pre- 
sent the data obtained in actual column tests. «he basis for all 
colurrn studies must be a reliable background of tests. 

"his investigation was conducted at the California Institut- of 
Technology, Guggenheim “eroneutical Laboratory, “asacena, alif- 
orria, during the period September 1°51 to Nay 1952, under the super- 


visidn of Er. >. ©. sechler and in cooperation with Ralph Y. Añufímarn, 


Er. WIN аты ісізпа С. Гһаіспег, ЕЁ, USN. 





п. EQUIPMENT AND PROCEDURE 


In the early stages of the investigation, it soon became evident 
to the author and his co-workers that equipment had to be designed 
and built to do the planned task of creep testing. Furthermore, no 
published data could be found to give a basis for judgment in problems 
which were likely to arise. It was decided to try to keep the machines 
for testing creep in tension, compression and columns as uniform and 
simple as possible to facilitate their subsequent manufacture. 

An angle iron frame was designed to support a static load, a 
furnace and a 10 to 1 lever arm system. A constant load of a wide 
range of values could thereby be applied to the specimen, The range 
of loading was chosen as zero to 6,500 lbs. on the specimen. Fig. l 
is a photograph showing the assembled equipment. Knife edges in the 
lever arm serve as fulcrum points and a ball and socket joint in the 
lower shelf of the frame provide for automatic alignment of the load 
and specimen axes. 

Heat for the specimen was desired to be available up to 550°F. 
Since fluctuation of temperature at a point and a gradient of tempera- 
ture along the specimen are not desired but must be tolerated, it was 
decided to accept variations of + 5°F ata point and a gradient of 10°F 
along the length of a six inch specimen. The time to achieve this heat 
was desired to be as short as possible. 

Figs. 2 and 3 are detailed sketches of the oven as finally design- 
ed. Fig. 4 is a photograph showing the interior of the oven. .Power 
to the oven is automatically controlled by a Sim-Ply-Trol Controlling 


Pyrometer actuating a power relay. The oven operates on ll v a.c. 





ani reaches 55 7 F, at Lhe controlling tLermocounle within the oven 

in twelve minutes starting from a coli oven. In order to achieve the 
acce stable praaient over the specimen, it was found necessary to 

fat ah auxiliary heating coil sroducing 250 watts to the bottom of the 
inside of the oven and to labyrinth the mating surfaces of the two 
halves of the oven. Fluctuation of temperature within tne oven at a 
point was brought within the desired tolerances by increasing the rate 
of cycling of the Sim-rly-Trol. heat insulating joints were interposed 
into the loading system, above and below the outside of the oven to ree 
duce the flow of heat through the steel shafts waich pierced the ton and 
bottorr of the oven. 

As the basic loading system was tensile in nature, a reversing 
cage was designed to fit within the oven anda to provide compressive 
loads to the specimen, Spherical seats were machined into the inside 
of the top and bottom of the cage into which spherically ınachineu enas 
of the specimen were to fit. fhe radius of the seat was one inch, the 
radius oí tne end of the specimen was 3/4 inch. The reversing cayo 
may be seen in Fig. 4. 

Measurement of the lateral deilection of the column was acaievec 
by means of a probe tapered at one enc and intended to be hel snugiy 
against the mid-point of the column with soft iron wire. іп the course 
of the investigation, the use of the iron wire was abandoned, (һе 
Other end of the probe was arillea to reedive the plunger of a Federal 
dial gauge. The dial gauge read to CCCI". “he probe was made of 
transite to prevent transmission of heat from the specimen to the dial 
gauge. The probe passec through a l incre diumeter hole cut into the 


furnace. The uial gauge was tnounted on the outside of the furnace by 



















o 


3 21; the вәгізсеп W ton hachet ač Ar 

ayer ql aspesios. Гак‏ لاح 1۳۸ هیا 
ned огт лакове іо cay.‏ 

ae a Was ioMüing syste n. ۵۱ rlements wer اج‎ 

ing balance scale so fet te desc lord dosel hy ha 

۱ В соя © ناش‎ 1364۵. 280% elo qeni was 
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Ihe exprriffental study ol chiumhs involives 2 consiltrntion of 
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Meany variables Such as sienderness rıtio, vrapertiies of material, 
ermokedness, eccentricity of loading, shape of section, and end con- 
ditions some of which are difficuli to control and all of which compli- 
este the interpretation of results. Та order to reduce the number апа 
influence of these variables to a minimum so that attention may be 
focused principally on i5»aaing and slenderness ratio, the following 
facts are stated to apply to this investigation. 
The material used for testing was 752-16 aluminum alloy, 

Dolled, 5/8 inch diarreter rod with the following 


royerties: 


a 


ret 


Wechanical Frovrerties А | 
EE o I Value of i-roperty 


“Niodulus of elasticity in tension, psi. LO ٤٢ 
Ultimate tensile strength, psi. 84,800 
l'ensile yield strength (C.? percent offset), psi. 76,509 
-longation, percent in 2 inches. 10 
Modulus of clasticity in compression, psi, 15.6 x 19 I 
Compressive yield strengtr (0.2 percent ofíset),psi. 31,900 


EE 


Those properties were obtained by tension and compression 
vests conducted on the material in a caldwin - -outhwarx Universal 
300,000 1b. testing cnachine with a - ate~..mery Load Indicator. A 
Huggenberger =train gauge was usec to measure strain, The tension 
stress - straim curve is givenin sig, ©. The compression stress 
strain curve is givenin Sig. 7. 


specimiens having various slenderness ratios were rnachined 


from the 753-16 round rod according to the following specifications: 
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1 
81.5 





65.2 
80.6 


95.5 





thickviess "1 ٭‎ 
0 0.1667 
1.3198" 4.3667 
0.2598 2.4667! 
0.2198 1.4667" 


in addition to having a 


sions, 
ends, 


A 


ne مد‎ 


le пъ 
Е 


3.8381 
отете 
6.100’ 


6.020 


rectangular cross Section of the асоуе 
e snecimens were machined with 3/4 inch radius 


‘Мажилис varistion from these dimensions was fixed at 





in thickness, + 0.065" in width and +u.921' in lencth. eiua! 


variation from prescribed dimensions was usuaily muct. less in the 


sseciwvens tested. 


placing thicknes 


upon which they rested., 


columns having a slengerness ratio of 95 was 1.002". 


slenderness ratios less than 


M 


5 were practically flat. 


Eccentricity of loading was overcome by the use of the 


Che crookedness of the various specifnens was measured Ly 
gauges between the sytcimens and a plane surfacc 
Maximus variation at the mid-noint of tity 


Columns neving 


pé rtt! 


seats in the reversing cage and the spherical ends of the columns. "m 


columns were vasily centerea in the cag for testing. 


ment of the specimens was checked by visual reference to sever*l ol 


the parallel rods comprising the cage. 


columns of different slenderness ratios were separately placec 


Balawin - 


E 
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0 


"out 


in order to obtain end š 


ка 
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wark Universal 300,000 Ib, testing ¡machine With . 


"roper slien- 


ixity for the various columns tested, two 


. 
nm 
11۶ e 


LR 


te ~ Emery Load indicator with the ends of the reversing coge فا‎ 


Ж uring the investigation, colurmn width was increased t7 0,520 و‎ 





between the tap ond bottom of the colin Smd the respective cross- 
heads of the yU a lic machine, fhe columns nad slenderness ratios 
of 50 and 95. They were 6.0" long with 3/2" radius srherical enis 
and were 0.4567' wide. he colurans were uniformly loaded to 
buckling 4t & slow rate of ioadiag. he proper value of tangent 
modulus was then obtained from Fig. 7 and the following equation 


solved for end fixity: 





н Е. 
ER 5 E = 
(©) 
Where Аса = = critical stress of column 
C = enä fixity 


Er 


tangent modulus corresnondiag to Ira 


— 
= 


slendásrness ratio. 


$ er rectengulir 


cross sections, this is V/Z " Us 
С 


strsight line variation of end fixity «as assumed to exist for che 
other colurons testea in this investigation and the following values of 


end fixity were obtained: 





10 ۲2۵ ۲۱: 8 nd ffective clenserness 
ratio z ixity atic f 
41.5 2.580 25.5 
55.0 2.650 2277 
| 80. 2,706 48. 
95,4 2.744 57.2 


T55- 16 aluminum #lloy was chosen for testing because it is 


41. 


currently used in th zviation indusirv, Tenmeratures for test vere 


т Фей. ۲ E 
chosen as j^ F, and 550 F to be consistent with tne efforts of 


Ел, [hatcher end Lt. Mauffmen (ef. 11 and 12). 








Zach test consisied of mounting Che specimen with probe and 
thetmocsuple in the cage im the furnace and affixing the grobe po the 
dial gauge. The dial gauge was fixed at an arbitrary setting between 
the limits of its travel to enable it to track the column in either of 
the two directions that the column might deflect. Froper weights 
were applied to the loading system; the weights, weight holder and 
lever arm were supported by means of a small vydraulic jack. Гіу 
minutes after turning the power on, the bali in the lower shelf of 
the frame was lightly screwed up into its socket and an initial read- 
ing i.e. ‘unloaded’ reading was obtained from the dial gauge. The 
load was then smoothly applied to the specimen by opening tue valve 
Slowly in the jack. The load was applied in about two seconds, ‘ hen 
the specimen first supported the full load, zero time was declares, en 
"load-on'" reading was obtained from the dial gauge. Ey means of u 
stop watch, data of creer of the column mid-point was obtained frou 
the dial gauge in intervals of 12 seconds of tims. Sata was recorate 
continuously until the specimen failed to support the load anc the 
weights fell to rest atop the jack stem which hac been previously low- 
ereu a few inches to a new position below the zero time position. 

The specimen took 20 to 25 minutes to reach 96 percent of 
final temperature on its surface. Thirty minutes efter this time, 
testing took place, Cermperature on the surface of the specimnen was 
observed by means of an iron-constantan therinocourle wired to the 
surface of the speciiren, “ontrol of the oven was maintained oy 4 


thermocounie located on the reversing cage midway between iis ip 


ana bottom. 








bs 
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IV. RESUL IF «NU DISCUSSION 


~ total of 68 columns were teste’; farty OF them at 55095 an. 
the resi at 4507, Graphs snowing laterai deflection creep of the 
column mid-point vs. time in seconds at 5507 and 4 50°F аге сіздей 
in Tips. 8 through 14. Creep curves are plotted to as large a scale 
as practical in order to magnify the trend of creep with change in 
applied stress. Creep deflection is shown to the nearest 0.0071 inch; 
an estimated accuracy, since a dial gauge reading to 0.CUl inches was 
used. The tine abscissa of each graph is terminated 1t Ó minus; 
interest of the investigation being cirectedc to the region of high stresses 
and temperatures. Curves of applied stress vs, time to failure at 
450°F and 550°F are given on Figs. 15 and lj. The direction of t^^ 
curves which do not evidence experimental points near their enús is 
established by cata shown on Figs. 8 tnrough 14 but which could not be 
plotted on Figs. 15 and 16. The curve for effective slenderness ratio 
of 57.2 at 450°F on “ig. 16 is an exception to this statement. In this 


ca 


ها 


е, however, a column having an effective slenderness ratio of 
3 Е ғұ a ре э 0 
57.2 was tested at an applied stress of 7,500 psi at 430 FM, -l the end 


Ti Ë 


of two hours of time the column had not failed, Lrosspiots of anpliec 
stress vs, effective slenderness ratio for various times to failure at 
ESO ОЁ, РРР ٦ ( се; x 
459" and 55^" P were obtained from Figs. 15 ana 15 and are shown on 
Figs. 17 and 18, 

It may be observed that all creep curves in Ligs. & through 14 
are referred to the origin. Consisten? difficulty was realized in ot- 
taining sensible intercepts during the investigation. In fact, frequently 


at zero time when the column fully supported the appliea lead, creas of 
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ation has as yet been found. ıne single probe system which 

sea for measuring the column deflection, required that the 

n deflect in the direction of the axis of the probe and coincident 
iat gauge plunger. fo insure this taking place, rectangu'ur cross 

>n columns were used. However, the columns did not consistently 
ave as expected, Many of them deflected at right angles to the 
anded direction as well as in the desired direction. “his action took 


ہے 


e, to varying degrees at 450° and 550°F in all.effective slender- 


ss ratios except that of 48.6. It occurred more frequently 2% 25077, 
The columns most affected were those having an effective slenderness 

ratio of 39.9. n interesting observation in connection with this 
double bending was that when its magnitude was greatest, the time to 
failure of the columns so affected was increased over the time to 
failare of columns which had the same stress and which bent in the in- 
tenuea direction only. 

Inspection of columns tested, placed suspicion upon the soft iron 
wire used to fix the free end of the probe to the column mid-point, “he 
wire indentec the corners of the column cross section slightly. Th.re- 
after, the wire was omitted and the probe was supported by a transite 
slide placed in th“ hole in the furnace wall through which the probe 
passed, Contact against the specimen mid-point was maintained by the 
addition of a light spring coiled around the dial gauge plunger. This 
spring amplified the spring in the mechanisu: of the dial gage and forced 
the probe to maintain contact with the surface of the specimen, ¿lie 


additional spring was not strong enough to influence the bending of the 


column because subsequent tests showed that the column deflected 
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Moeirec? aties ft was male Lo prove reorudcibill, of dats. 


Шобеует, 234 result of the difficulty ex .erienced with double Sari, 
МЕБ Were مدع‎ to valigale twe trend of data Es it sccuevalerel, 


۸۸10۷ пс міс deformed properly presented & neat 2742, bi ->xfiéri. 
rf@ptel evidence as shown oy Figs. 3 throag!. 16. Test data dresented 
fo fees figures 15 not large in quantity but it is à ég sona le reurdan- 


tetin Gf hort tive xim loading creep caaraicterisiics bi 7894: а 


celutrns. 


o 





15 
У. CONCULUSLONS AND del OMA رت‎ < 13ا٤‎ 


The remnlts Of this investigntign permit ۵ <ollowing Can- 
clusions: 


і. 755~T6 aluminura alloy coluiwms have zero time tt failure 


) 


е 


zx. 


strengths, st S&C which increase from 5,500 psi for an effective 


slenderness ratio of 57.2 to 9,550 »si for an effective slenlerness 
ratio of 25.5. it 45097, 752-16 columns have zero time to fai 
strengths which increase from 11,400 psi for an effective slendcer- 
ness ratio of 57.2 to 17,660 psi for an effective sienderness ratic 
of 25.5. Zero time to failure strengts is the maximum stress tat 
a column will sustain when loaded at a relatively rapid rate. “hock 
or impact loading is not considered, Columns in the rango oí 
/ 

effectivo slenderness ratios 37.2 10 25.5 have approximately 5^ ser- 
cent of the maximum strength at 55098 that they have at 450°: . 

2. Ihe stress for wnich 752-76 aluminum alloy colut: ns hav- 
ing effective slenderness ratios of 57.2 to 25.5 may be designed 


m 


while still realizing 2 useful life in short time applications at 351 


- 9 
ana 559 


f is an appreciable percentage of the maximum stress tuet 
geese colunins will sustain zt these temperatures. Cor eximple, 

at 555° a 755-76 column having an effective slenderness ratio of 
39.° will fail in 7 minutes if subjected to an applied stress of 

5,520 msi. This stress is 65.5 percent of the maximum stress thet 
the column will sustain. Other columns at 55675 in the range of 
effective sienaerness ratios of 25,5 to 57.2 will fail in seven minutes 


under anvlieda stresses which are higher than 65,5 percent of ^n: xi- 


әк. T : 7 2 ; 
тошто. ££ 450°, 755-°6 columns in this same range of effective 
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۱۱ withstand apolied str@ases, for seven minutes, 

t or better of maxim dm. 

۵ i widespread belief, 75-16 aluminum alloy ray 

ıl in short time high stress, elevated termperatire column 

ions ia the range of effective slenderness ratios 57.2 w 

^n example of such use is one wherein 3 l5: due to accelera- 

| is applied for a short time to a column which has i-e» serving 

a body under uniform low leve? stress for a half hour at elevated 

ewiperatures. 

In the interest of additional experimental investigation of colunn 

creen, tae following recommendations are offered 

It is suggested that other light metals be tested et ele vated 

ratures in order to obtain comparative creep data anieag several 

a It is further suggested taat the effect of variables on coluren 

p be studied in the laboratory. Factors contributing to tae scatter 

levated tex perature column creep tests are varied aad xy well be 
sportant. Additional testing of columns zi elevated temperatures 

would serve to evaluate them. !t is felt that non-symmetricul aeforme- 

tion of & column about the rlane through its «nidsroint aná verpendiculer 

fo its axis is a critical item. This type of deformatiou vccurred Juring 

the investigation and see meca to be coincident with prerparare failure 

of the column. Whether such deformation is due only to inconsisten- 

cies in material and variation of ohnysical uuwensions along the length 

of the column, or is due to somethiag else is worthwhile knowing. In- 

vestigation of the pkenomenon of aouble bending of rectangular colarsns 

would be of interest. It is due to factors sach as Machining stresses or 


“> 


testing technique or does it have to be ~lanned for in cesign? Another 
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is the relutive importance of the rate at 
to its fins! temperature, ‘Still another is 
on column creen and tirar to failure. Last, 


's of equal consideration is the question of 





and its influenc "6 


| colu.in creep рфорегйез. 


{ 
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TADLS 1 
COLUMN CREEP DATA 


"Material: 755-T6 
Effective Slenderness Ratio! Qu 
Temperature; 550°F 
Apnlied Stress: 9200 psi 
Time Dial Gage Creep 
(seconds) (inches) (inches) 


unlcaded 6.2011 


load on G. 2290 0.0099 

10 0.2850 0.0560 

15 0,3200 0.0910 
TABLE U 


COLUMN CREEP CATA 


Material: 7 58 - 6 
Kifective Slenierness Ratio; 25.5 
Temperature? 55997 
Applied Stress: 8700 psi 
Time Dial Gage Creep 


(seconds) (inches) (inches) 


unloaded 0,1965 


load on 0.2400 0,0000 
10 0. 2451 0. 0081 
20 0, 2621 0,0221 
30 0.2900 0.0509 


39 0. 3600 9.1200 





ха 


TABLE III 
СЫМ СЕ PATA 
A 
Material: (52-Т6 
Effective Slenderness Ratio: 2325. 
Temperature: 550°F 
Applied Stress: 7500 psi 
Time Dial Cage Creep 
(seconds) (inches) (inches) 


unloaded 0.1140 


load on C. 1260 9,0000 
10 0, 1240 "0,0020 
26 0. 1220 0. 0040 
30 0. 1999 0.0061 
40 0.1172 0.0088 
59 0.1135 2,0115 
60 0,1125 0,0131 
70 0. 1986 Q,0174 
89 0.1043 0.0215 
90 0,1005 0.0255 

100 0,0960 0.0300 
110 0,0905 0,0355 
12% 0,0840 0,0420 
130 Y. 0770 9.0490 
140 0,0679 9.0590 
150 0,0530 0.0730 
160 0.0300 0.0960 


i70 0,9790 0. 1560 





Material: 


2 Шесііуе 53lenderness Matic: 


ы z^ dE 
Temperature: 550 = 


Amplied Stress: 


Time 
(seconds) 


unloeded 
load on 
19 
29 
30 
42 
50 
60 
70 
80 
96 
190 
110 
120 
130 
140 
159 
160 
170 
180 
190 
290 
210 
220 
230 
249 
250 
260 
270 
290 
299 
300 
310 
320 
330 
345 
350 
360 


n 


25.5 


Time 


(seconds) 


370 
360 
390 
400 
410 
420 
439 
440 
450 
460 
470 
459 


704 


TABLE 
CCLUMP CREEP DATA 
. 
755-6 
1500 psi 

Dial Gage Creep 
(inches) (inches) 
0.0895 
0,0895 0.9000 
0,0892 0.0003 
0.2892 6,0003 
0,0892 2. 0903 
С. 2591 0.2004 
с. 0891 0. 0094 
0.0890 9.0005 
0.0889 6. 9006 
9.0388 0.0007 
0.0887 C, 0008 
0.0883 0,0012 
0.0839 0.0015 
0.0873 С. 0917 
0.0377 0.0918 
2.0576 0.0012 
0.0875 0.9923 
0.۸.1 0.0924 
2,0868 87 
2.9865 0.0032 
9.0861 0,9034 
5.0860 0.0055 
0,0858 0,0037 
0,0856 0.3039 
9.0852 0.0043 
1.0849 0.0946 
0.0845 0,0950 
0.0841 2.0054 
С. 0838 2.9087 
0,6832 2.2253 
5.0830 6,9005 
0,0824 رز‎ 
0,0820 0.0975 
v.0813 0.7 
5.9509 0.0056 
2.2804 0.2091 
0.0796 0,009 
1.0190 0,0165 


Mal Gage 
(inches} 
0,0781 
0,0778 
0,0755 
2.9769 
0,0749 
0.9733 
0.0729 
9.0713 
0.0709 
0,0697 
0,0605 
0,0675 
9.0581 
С. 2655 
6.9638 
9.0620 
0.0045 
0.0557 
9,0571 
0,0552 
0,0532 
0,0513 
9.0432 
3,0459 
C. 0255 
1,0395 
2.0333 
D USL 
2.07269 
0,0158 
7. 6172 
9.9595 
0. 9542: 
6, 94 
и. ZEUG 


¡ree 
(inches, 
0,0114 
Ji 
9709190 
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TABLE 


COLUMN CREEP DATA 


Material: 152 -T6 
Lífífective Slenderness лао: 39.9 
Temperature: 5509r 


Applied Stress: 8000 gsi 


Time Dial Gage 
(seconds) (inches) 
unloaded 0,2681 
load on 0.2790 

6 2.1900 

10 0. 1400 


TASLE VI 


COLUMN CREEP DATA 


Wateriai: 155-T6 


Effective Slenderness Ratio? 39.9 
Temperature: ج550‎ 
Applied Stress: 7000 psi 
Time Dial Cage 
(seconds) (inches) 
unloaded 0.2668 
loau on 0.2980 
10 9.3140 
20 0. 3250 
39 0.3349 
40 0,3471 
50 С. 3651 
oU Ú, 4000 


65 0. 4600 


Creep 
(inches) 


creep 
(inches) 


£, 0000 
С. 0160 
9.9210 
0.0369 
3,0491 
В. 0671 

‚1020 
0,1620 





CARLE УП 


COLUMN CREP TATA 


Material: 7 55-6 
Iffective zlenderness llatio: 39.9 
Temperature: 55997 


Applied Stress: 6900 psi 


Time Dial Gage Creep 
(seconds) (inches) (inches) 
unloaded 0.1885 
load on 0.2310 0, 0000 
10 0.2420 0,0110 
20 0, 2469 0.0159 
30 0.2506 0,0196 
49 0. 2541 0.0231 
50 0.2573 0.0263 
60 0.2604 0.0294 
70 0.2635 0.0325 
80 0. 2663 0.0353 
90 C.2700 5.0399 
100 0.2730 0.0420 
110 0.2760 0.0450 
120 0.2798 0.0488 
130 0.2832 0.0522 
140 0.2870 0.0560 
150 0.2915 0.0606 
160 0.2970 0.0660 
170 0.3026 0.0716 
180 0. 3100 0,9790 
190 0. 3196 0.0886 
200 0.3320 0. 1610 
218 0. 4100 0,1790 


210 0 0 0.1240 





TABLA Vili 


ООРУМ CREEP DATA 


^'aterial: 755-T6 
affective Slenderness Ratic! 39.9 
Temperature: 550 OF 


Applied Stress: 5500 psi 


Time Dial Gage Creep Tirne lial Gage Green 
(seconds) (inches) (inches) (seconds) (inches) (i-ches) 
unloaded 0.1880 220 0.2745 0.0445 
load on 0.2300 0.9003 239 0. 2761 0.046: 
10 0. 2389 0, 0080 249 0,2781 5,042051 
20 0,2412 0.0112 Z50 D, 2798 90.0499 
39 0. 2435 0,9135 260 9,2814 0.0519 
40 0. 2456 0,0156 270 2.2837 220537 
50 0,2479 0,0179 280 0,2858 922558 
60 9.2493 0.0193 290 0. 285. 5.9580 
70 9.2509 0.0209 300 0.2902 0.0602 
80 072525 0.0225 310 0.2929 6.0629 
90 0.2541 0, 0241 320 0. 2955 0,2655 
100 0.2558 0.0258 330 0. 2986 0.9636 
110 0.2571 0,0271 340 0.3915 0.0715 
120 0.2539 0.0289 350 0. 3055 9. 0755 
130 0.2601 0.0301 360 0. 3100 0.0800 
140 0,2618 0,0318 370. 0,3149 9 
4 50 0. 2632 0.0332 320 0. 3206 0. 0906 
160 0. 2649 0. 0349 39C 0.3279 0. 0979 
170 0.2662 0.0362 400 0.3370 G. 1070 
180 0.2680 0.0380 410 9, 3505 9.1206 
190 0» 2699 ) 0.0399 420 5.3750 9.1459 
200 9.2712 0.0412 427 -- -- 


210 0,2729 0.0429 





TAGLE ІХ 
COLUMN CREER DATE 
Material: 755-T5 
Effective Slenderness Ratio! 45:6 
о. 
Гешірегабіге: 559 7 


Applied Stress: 7909 psi 


Time Dial Gage Creep 
(seconds) (inches) (inches) 
unloaded 0.2050 
1 load on 0,2500 0.0000 
10 0, 2880 0. 0380 
i8 0.3859 0.1350 
TABLEX 


CS: LUMN CRLEP DATA 
Material: 755-T6 
Effective ¿lenderness Ratio: 48.6 
Teriperature! 5507 


Applied Stress: 6900 psi 


Time Cial cage Creep 

(seconds) (inches) (inches) 

unloaded 0.0930 

load on 0.1360 0.0000 
19 0.1282 0.0075 
20 0.1198 9.0162 
30 0. 1095 0.0265 
4) 0,0981 2.2379 
50 0.0820 9.0540 
60 0,0585 9.0775 


69 0. 9909 0. 1460 





TABLE MI 


COLUMN CREEP DATA 


0ء۵٣۶‎ 755-76 
Effective Slenierness Ratio: 48.5 
° 


Temperature: 5505F 


Applied Stress: 5000 psi 


lime Dial Gage Creep Time vial Gage Creep 
(seconds) (inches) (inches) (seconds) (inches) (inches) 
unloaded 0.0965 220 2.9729 6.9356 
load on ©. 1085 0.0000 230 9.9719 0. 0376 
10 0. 1055 0.0030 240 9, 0695 2.9390 
20 9.1039 0.9055 250 9,0675 9.0410 
39 0.1012 0.0073 260 6.0651 Uu, 6434 
40 50999 0.0086 279 0.0632 0,0453 
50 0.0978 0.0107 280 0,0610 0,0475 
60 0.9960 0,0125 290 5.0589 5.5496 
70 0,0946 0.0139 300 2,9563 0.72 
89 0,0931 0.0154 310 0.0538 2.4547 
90 0.9918 0.0167 320 0,0511 0,2574 
100 0.0900 0.9185 330 0.9462 5.2603 
110 0,0889 0.0196 346 9.0445 Y, 0640 
126 0.0873 9.0212 359 0.9408 9.0077 
130 0,0860 0.0225 360 9.0359 0.2726 
140 0.0843 0.0242 370 6.0310 2,0775 
150 0.0830 0.0255 380 0.0285 0,0825 
160 0,0818 0.6267 390 9.9185 9,9932 
170 9.0802 9.9283 490 0.0020 ۱9 1965 
189 0,0791 0.0294 410 9.9750 3.1535 
190 0.0775 0.0310 420 5,9500 9, 1705 
200 5.0760 0.0325 


219 0.0741 0.0344 





ГАЗЕ ZU 
COLUMN CREE? LATA 
^.aterial: 755-T6 
Effective Slenderness Ratio: 57.2 
Temperature; 550°F 


Applied Stress: 5250 psi 


Time Dial Cage Creep 

(seconds) (inches) (inches) 

unloaded 9.5146 

load on 0. 5360 0.0000 
10 0. 5650 0.0299 
16 0.6220 0.0549 


TAELE XII 
COLUMN CRELP DATA 
Material: 75S-T6 
Effective Slenderness Ratio: 57. 2 
Temperature: 550°F 


Applied Stress; 5000 psi 


Time Dial Gage Creep 

(seconds) (inches) (inches) 

unloaded 0,6240 

load on 0,6320 9.0009 
10 0. 6420 0.0100 
29 0.6520 0,0200 
30 0. 6600 0, 0280 
49 0.6700 0.0380 
50 0.5810 0.0450 
60 0,7015 9. 0695 


| 10 0. 8700 0,1389 





TABLE XIV 


COLUMN CREEP DATA 


Material: 153-T6 
Effective Slenderness Ratio: 87.2 
Temperature: 550° 


Applied Stress: 4750 psi 


Time Dial Gage Creep Time 
(seconds) (inches) (inches) (seconds) 

unloaded 6. 5021 220 

ioad on 0.5209 0.0000 230 

10 0. 5260 6,0051 240 

29 0.5287 0.0078 259 

30 0.5292 0.0083 260 

40 0.5308 0.0099 270 

50 0.5321 0.0112 280 

60 0. 5336 0,0127 290 

70 0, 5349 0.0140 300 

89 0.5361 9.0152 310 

99 0.5375 0.9166 320 

100 0. 5383 0.0179 330 

110 0. 5400 0.0191 340 

120 0, 5411 0.0262 i 350 

130 0. 5421 C. 0212 360 

149 6, 5433 0.0224 310 

150 9. 5444 0.0235 386 

160 0, 5457 0.0248 390 

179 0, 5469 С. 0260 400 

180 0, 5481 9.9272 410 

190 0. 5492 0.0283 426 

200 0,5502 0.0293 430 


210 9, 5518 0.0309 


Dial Gage 
(inches) 


0. 5530 
9.5541 
9. 5555 
0. 5568 
9. 5583 
0.5595 
0.5611 
0, 5628 
0, 5645 
0. 5653 
0. 5632 
0.5104 
9.5730 
2 25755 
6.5785 
о. 5818 
QUSS 
0.5902 
0. 5961 
0. 5050 
3.5210 


9,6851 


Creep 
(inches) 


0.0321 
0. 0332 
0. 0346 
0. 0359 
9.0374 
2.9399 
002 
0.0419 
9.0435 
0.4454 
0.0473 
0,0495 
OS ZN 
0,0546 
0.0578 
(9 
2. 064% 
0.0693 
4.2152 
0.9841 
2.1004 


0, ¿De 





TABLE XV 
COLUMN CRELP ГАТА 
Material: 155-Т6 
Effective Slenderness Ratio: 2 
Temperature: ج550‎ 


Applied Stress: 3000 psi 


Time Dial Gage Creep 
(seconds) (inches) (inches) 
unloaded 9.0049 
load on 0, 0010 
10 9.0010 0.0405 
20 0.0910 0.0000 
30 0.0010 0.0000 
40 0,0010 0.0000 
50 9,9010 0.0000 
60 0.0010 0,0000 
70 0,0010 0,0000 
80 0.0019 0,0000 
90 0,0015 0.2005 
100 0,0016 0.0006 
1:0 0.0016 0.0006 
120 0.0017 0.0007 
130 0.0017 3.0007 
140 0.0018 0.0098 
150 9. 0018 0. 0008 
160 0.0018 0.0008 
179 0.0018 0.9908 
180 0.0018 9,0093 
190 0.9918 0.0008 
209 0.0918 0.0003 
210% 0.0018 0,0008 


* Test stopped at this point because of small creep rate. 





۵ TABLE ЕУІ 


` 


CCLUMN CREZY DAT? 


۷ ٤ 753-T6 
sifective sienderness atico: 2 بل‎ 
T TA دج‎ 
exmperature: 259 Е 
/,pplied Stress: 17,320 psi 
fice “ial Cage Creen 
(seconds) (inches (inches) 
unloaded 9. 1122 
load on 0, 1400 O, UNUO 
6 4.0706 9.8700 
2 ce AVIL 
COLIN STEER ДАТА 
“aterial: 755-16 
Lifective Slenderress Hatin: 55ت‎ 
а од 
Temperature: 459 Y 
Applied Stress: 16,306 psi 
Time ¿al aye Glen 
(seconds) (i-ches) (inchen] 
unloased с. 1980 
load on 0.4260 9.2990 


10 ۸4325 5 29,5 
29 5.1195 0.9067 
30 3 72 0 10 
39 0.0400 C PT 





TABLE 1 


COLUMN CREALO MATA 


755-16 ٤ء‏ ۴۔۸ 
Effective Slenderness Ratio: 25.5‏ 
Temperature: 450‏ 
Applied tress: 15,000 psi‏ 
типе “al Gage Creet‏ 
(seconds) (inches) (inches)‏ 
unloaded 0. 1081‏ 
load on 0.1220 0, 000%‏ 
0.0020 1200 .0 10 
.0.005 9,1190 25 
0048 .0 0,1130 30 
0.0050 1170 .0 40 
0.0065 1155 .9 50 
0.0080 | 0.1140 69 
0.0093 1127 .0 70 
0.0125 1:03 ,0 80 
کال ولا 1095 .0 90 
0155 ,1 1065 .0 100 
0.0199 9.1930 110 
A‏ 1000 .0 120 
0.0270 0.0950 139 
0.0340 0.0880 140 
0.0429 080€ .0 150 
Й 0.0600 у. 0620‏ 160 


165 0,0200 0.1929 





TABLE KIR 


COLUMN CREE DATA 


Material: 755-T6 
Effective “lenderness Ratios 2 
Temperature! ج450‎ 


Applied Stress: 14,500 psi 


Time Dial Gage Creep Tirne Dial Cage Creep 
(seconds) (inches) (inches) (secands) (Inches) (inches) 

unloadea 0.1920 240 0.1193 5.0042 

load on 0. 1235 0. 0000 250 0.1192 0.0043 

19 0.1235 0,0059 260 0.1159 0.0046 

20 0.1235 2.0000 276 021162 6,0253 

30 0.1235 0.0009 280 0. 1175 2,0065 

40 0.1230 0.0005 290 0,1172 1,0063 

59 0.1229 0.0006 300 0,1156 0,0069 

60 0.1229 0,0006 319 0.1162 0.5073 

79 0,1229 0.0006 320 E ГА 0.0983 

80 0.1226 9.0009 330 9.1147 0.0088 

90 0,1224 9.0011 340 0. 1138 2.0997 

100 0, 1221 0,0014 350 0.113€ 2.8195 

110 0. 1223 0.0015 359 2. IIB 2204117 

120 810 0.0015 370 0, 1100 М, 7129 

139 0,1219 0.0016 380 0. 1030 2.0145 

140 0. 1219 0.0016 390 88 5 9.8 

150 0.1215 0.0029 409 0. 1000 0.0175 

150 0.1215 0.0020 410 9.1940 0.0195 

170 0. 1212 0.0023 420 0.1015 0.0228 

180 eo eu 0.0024 430 . 9.0935 Val 250 

196 0. 1209 0,0026 440 0.0935 u. 0289 

200 0.1203 0. 0032 459 0. 2893 J. 0342 

210 G. 1201 2,0034 460 0,0821 0,0414 

220 0,1195 0, 0040 470 C, 0690 7. 98545 


239 0.1194 > 0,0041 480 9.9000 B 1235 





DLE As 
Солоу L = ٠ \ 
Bae ۳ 758-16 
Kifective Zlenderness ratio: 25.5 
Vo perature: 450°> 
Applied Stress: 14,006 psi 
Tire vial Gage Creer Time ial Gage ‚Teen 
(seconds) (inches) (inches) (seconds) (inches) inches 
unloadea 221135 340 دواد ؟‎ ARE 
load on 0.1290 TF. TTA 35 2.1162 0.0016 
3 0.1290 2 CECH 360 C . 1508 A 
20 1.1290 >. O 374 ۴ ۔‎ 1 38 lr 5 
30 2.1260 و‎ 380 2.1485 „бс ۲ 
4n 0.1299 0. 399 J) 0 427020 
50 7.1291 Pa 5005 200 ЖҮЙ). ۷ 
60 1292 060 4و9 $10 2ء‎ „л i 
76 8.1296 0.080 420 4.131 motse 
1 7.1296 66 480 0,126 2.043С 
20 7,1297 0.5807 * 54 091 оп! 
146 0.1298 1.0008 690 8.1556 209 
110 0.1299 009 610 mel 33 1,064065 
TO 2.1299 0.0709 620 о. 139 ےئ‎ ps 
138 2.1299 e npe 630 Q. w i" 1.1412 
140 6.1299 i ARL? 640 21-20% ۷ 
150 0.6 0.0470 56 2.1442! .СІзі 
16€ .129€ 6.5005 661 .1%ЕС Jl 
170 2.1299 Û ٭>ء‎ 570 „1907 ам! 
(Bc 5.1296 ©. „олу $681 „зе CHAR 
190 0.1300 3.006€ 692 с.1336 0.0248 
e 0.234 Ë AO Q ToC 4.15% Go mas 
eru 2.13 1 IS 71р ۳ 330 
SUM 0.1300 5,7 T 45704 1.2620 
230 0.1314 Осо 731 91ء‎ Лат 
?аг 81371 x gui: T4 И A Г „у! 
= 1.1301 клаб 7 (44 w aSa DE 


260 CABO 0.٥٦۶1 
و‎ 0.129 — 0.0011 
250 4.1361 2.9011 
Eun A. See Сеат 
juo 20.1302 ООШОТ, 
550 00.2 à 12 
p Y 253513 
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ЗА = Е 


COLIN CREE DATA 


MIET i 


Material: 758-176 

Effective Slenderness fatio: 43.6 

Temperature: 450° 

aprlied Stress! 15,090 psi 
Time Dial Cage Creep 
(seconds) (inches) (inches) 
unloaded 5.1551 
load on 0.1000 00 

4 En = 


TADLE X ALT 


LINKEN OREEP DATA 


-anterial: 1535-16 

-ffective Slenderaess Jatic: 48.6 
۰ TOA 
Lelmperature3 450 t 


Applied Stress: 14,000 psi 


Тиле Dial Cage creep 

(seconds) (inches) (inches) 

unioaded 0.1550 

load on 0.1968 0. 0000 
10 0. 1922 0.0046 
20 0.1730 0.0238 


25 С. 1390 0.0663 





TAB ZE XXIII 


COLUIAN CREEP DATA 


Material: 755-Т6 
Effective Zienderness Ratio: 48.6 
Temperature: 450° 


Applied stress? {3,000 psi 


Time Dial Gage Creep 

(seconds) (inches) (inches) 

unioaded 0. 1929 

load on 0, 2240 0.0000 
10 0.2229 0,0011 
20 0,2221 9.0019 
30 0,2219 0.0021 
40 0 2,0028 
50 0.2205 0.0035 
60 0.2199 0.0041 
70 0.2191 0.0049 
89 0.2183 0.0057 
90 ü 2 175 0.0065 
100 0.2162 0,0078 
110 0.2150 c.0099 
120 092132 9.0193 
{39 0.2111 0.0129 
140 0.2039 0.0151 
150 0.2051 9.0189 
169 0.2001 0.0239 
179 0,1925 0.0315 
189 0,1750 3.0490 


186 0,1499 5.0840 





54 
TAGLE XXIV 
CULUM™ CREEP DATA 
Material: 755-T6 


Effective Slenderness Ratio: 48,6 
Temperature: 450°F 
Applied Stress: 12,500 psi 





Time Dial Gage Creep Time Dial Gage Creep 
(seconds) (inches) (inches (seconds) (inches) (inches) 
unloaded 0.1088 E Ет ос 
load on 0,1390 0, 0000 430 9. 1268 0.0122 
10 0.1382 0.0008 440 0, 1260 0.0130 
20 0. 1380 9.6010 450 "0 9 0.0135 
30 0.1378 0.0012 460 0.1249 0.0141 
40 0.1375 0, 0015 470 0.1247 0.0143 
50 0.1372 0.0018 450 0.1237 0.9153 
60 0,1371 0.0019 490 0.1229 0.0161 
70 0.1369 0.0021 500 0. 1221 0,0167 
80 0,1368 0.0022 510 (s EIS 0.0170 
90 0 1366 0.0024 520 0.1205 0.0185 
100 0.1362 0.0028 530 0.1198 0.0192 
110 0,1361 0.0029 540 р т 
120 0.1360 0.0030 550 0.1175 0.0215 
130 0.1359 0.0031 560 0.1163 0.0227 
140 0.1355 0.0035 370 el Е 
150 0,1353 0.0037 580 0. 1:38 0.0252 
160 0.1351 0.0039 590 6.1121 0.0269 
170 0.1350 0.0040 600 . 0, 0282 
180 0.1349 0.0041 610 0. 1086 0,0394 
190 0,1345 0.0045 620 poros 0. 0327 
200 0.1342 0.0048 630 9. 1035 2.0355 
210 0,1340 0.0050 640 0. 1000 6.0359 
220 0.1339 0.0051 650 9.0950 с. 0440 
230 0,1337 0.0053 660 Page a 
240 0.1332 0.0058 670 0.0730 0. 0650 
250 0.1330 0.0060 676 6.9400 0.0992 
200 0.1328 0,0062 
270 . 0.1325 2.0065 
280 0,1321 0.0069 
290 0.1319 0.0071 
300 0.1317 0.0073 
310 0,1312 0.0078 
320 0,1310 0.0080 
330 0.1308 0.0082 
340 0.1304 0.0086 
350 0.1301 0.0089 
360 0.1299 0.0091 
370 0.1294 0.0096 
380 0.1289 0.0101 
390 0.1285 5.0105 
400 0.1230 0.0110 
410 0.1275 0.0115 





PAGE 1 


COLUMN CEVES DATA 


a aterial: 755-76 

L.ffective Sienderness Zatic: 57.2 
GE. 

Temperature: 450 1 


Applied Stress: 10,200 psi 


Tine Dial Gage Creep 

(seconds) (inches) {inches} 

unloaded 9. 1192 

load on 9,1250 0,0000 
10 6.0790 0.0559 
i2 0.0509 9.0750 


TABLI XXVI 


SOLUMN CRLEPF САТСА 


Material: 755-T6 


ufiective Slenderness Ratio: SIZE 
` De 
| emwerature: 450 F 


i pplied Stress: 9000 psi 


Tiine uial Jage Crees 
(seconds) (inches) (inches) 
unloaded 0.2990 i 
load on 0.2150 9.9090 
10 0.2040 0.0129 
20 9.1985 0.0175 
30 0, 1930 9,0237 
40 С. 1390 9. 9270 
50 9. 1845 5.0315 
60 0.1300 9.0381 
70 0.1751 9.9499 
80 9. 1706 9.0454 
90 9.1651 9.9509 
199 0.1583 0.0571 
110 .9. 1409 9.0680 
120 2,1270 9.0399 


124 0,9790 0.1460 





ТАСЫН 


COLUMN CREEP 


waterial: 7858-26 
Effective Slenderness Ratio: 
Temperature: 450°R 
Applied Stress: 8000 psi 
Time Dial Gage 
(seconds) (inches) 


unloaded 0.1849 


load on 9.1910 
19 0.1839 
29 0,1788 
39 0.1755 
40 9,1731 
50 0.1715 
o0 0. 1693 
70 0.1674 
80 0.1656 
$0 0. 1640 

100 0,1624 
110 0.1610 
120 0. 1592 
130 0.1575 
140 0.1560 


150 6.1545 


56 


57.2 


Creep 
(inches) 


0, 0000 
0.0050 
0.0122 
0. 0155 
0.0179 
0.0155 
0.0217 
0.0236 
0,0254 
0.0270 
0.0236 
0.0300 
0,0318 
0.0335 
0.9350 
0,0365 


1.2. 


RAVI 


JA 


TA 


Lime 
(seconds) 


160 
179 
180 
190 
299 
210 
220 
239 
240 
250 
260 
270 
280 
290 
300 
309 


Dial Gage 
(inches) 


4,1523 
5,1505 
3, 1455 
9.1465 
9.1448 
0. 1420 
0, 1400 
^. 138€ 
9.1349 
9.1315 
0. 1275 
2.1236 
9.1199 
и. 1170 
0.5995 
0.0500 


۵ مب 
(inches;‏ 


> 
جج‎ 80 Cad 


A‏ تا کا 
P. Coe‏ 


Ej‏ ىا Ç ол‏ = سر 


c EC OI 
C* Uo mmu Gu 


9.0595 
9.0635 
5,9078 
0,0720 
0.8296 
9.6915 
9,1419 


Date Due 


aluminum alloys. 


Бэ ү 
— 2 


Gaibler 


Column creen of 755-176 
aluminum allovs. 





Vr 


ШШШ 


کج سے 
کے 
= 


